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Foreword 



The relationship between the supply and utilization of scientific and engineering 
manpower pervades almost all aspects of science policy, as well as the planning and 
support of higher education. The time factors involved in the dynamics of this man- 
power system are long— an average of 11 years is required between college entry and 
the achievement of a science doctorate. In view of the significance of scientific man- 
power in a modern society and the length of the time required for its production, it is 
important to develop projections which can produce some insight into possible future 
situations. It must, of course, always be understood that projections are not predic- 
tions, Projections are derived from statistical models based on trends and an awareness 
of current happenings. Thus, they produce a range of possible future situations based 
on definitive assumptions and no significant break in trends. Actual events may well 
turn out to be different from some of these project ions. However, by stating assump- 
tions and methodologies explicitly, the effect of different variables can be better 
appreciated and taken into consideration in plans and policy determinations. 

The National Science Foundation (NSF) prepared its last study on the projected 
relationships between supply and utilization of science and engineering doctorates 
nearly 2 years ago. At that time the Nation was already at the beginning of a period of 
r-c.;vdjustment of manpower relationships, student interests, and financial support. We 
art still in this period. However, uncertainties about the future and possible changes 
should not deter the making of projections. Rather these uncertainties emphasize the 
need for the periodic reexamination of projections, including the updating of data and 
a reassessment of assumptions. For this reason, the NSF not only initiated this reexam- 
ination, but \dll continue its study of the subject and will publish updated projections 
at suitable intervals. 

The projections presented in this publication are complex and are based on a 
variety of data. Thus, it is important that no false sense of precision be attributed to 
numerical values in view of the limitations of the data and methodologies, the com- 
plexity of the system, and the unpredictability of future events. The last factor re- 
quires special emphasis since, by their very ngture, long-term projections cannot take 
into consideration factors impossible to anticipate at the time the projections are 
made. These factors could include: unexpected changes in the rate of growth of the 
national economy, sudden changes in national priorities, drastic changes in student 
interests or in the mode of operation of institutions of higher education, etc. With an 
appropriate understanding of these uncertainties, projective analyses of this kind do 
produce broad indications of likely balances or imbalances, and do provide insight into 
the quantitative effects of various parameters. 

In this study, the analysis has been expanded to include broad areas of science, 
the data base has been updated,- and the projection methodology has been improved. 
Supply and utilization projections for the total doctorate group are difficult, but they 
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are even more difficult for separate areas of science, since here the uncertainties out- 
lined in the previous paragraphs are accentuated. Notwithstanding these many difficul- 
ties, an attempt has been made to meet the expressed need of decisionmakers with an 
analysis by broad area of science, such as the physical sciences, though not specific 
fields such as chemistry. 

The projections resulting from this study show a greater likelihood of an over- 
supply of doctorates than appeared to be the case 2 years ago. Tf current trends 
continue, some problems seem to loom, especially in such areas as engineering and 
social sciences. However, it should be noted that certain steps have already been taken, 
or suggested, which could produce significant long-run reductions in the supply of 
science and engineering doctorates. For example, the U.S. Department of Labor revised 
its procedures for certifying the immigration of scientists and engineers into the United 
States in February 1971. Thereafter, such persons must have a job offer for which 
domestic workers are not readily available, and their employment must not adversely 
affect the wages and working conditions of domestic workers. As another example, 
suggestions have been made to institute policies to encourage academic retirement 
closer to the usual 60-65 retirement age for professionals. Furthermore, it should be 
noted that preliminary statistics for the fall of 1970 indicate an absolute reduction in 
the first-year, full-time graduate enrollments in science and engineering. 

Many alternatives will be possible in the I970’s, which will permit utilization of 
science and engineering doctorates in activities for which they are well qualified, but 
for which the supply has been inadequate in the past. These activities, which contrib- 
ute significantly to our scientific, economic, and social progress, will frequently require 
training somewhat different from that generally supplied to current doctorates. For 
this reason, it is clear-not only from this study but also from recent experiences, 
developing societal needs, and student interests- that university programs and present 
degree structures must continue to be carefully reexamined and probably changed to 
some extent. 

A study such as this receives valuable assistance from many outside sources. Tlie 
NSF is especially grateful to the Bureau of Labor Statistics, the National Center for 
Educational Statistics of the Office of Education, and the expert external reviewers 
whose comments were important in making this a better report. 



C. E. Falk 

Director, Division of Science 
Resources and Policy Studies 
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Introduction 



Scope 

The scope of this study~lhe likely supply and utili- 
zation of science and engineering doctorates over tlie 
next decade— involves two points, and also some limita- 
tions that should be made clear for a proper understand- 
ing of the study results. 

First, only science and engineering doctorates arc 
analyzed in this study.* Nonscience and nonengineering 
doctorates (e.g., Ed.D., M.D., L.L.E., D.B.A., Ph.D., in 
arts, humanities, history) and bachelor’s and master’s de- 
gree supply and utilization are outside the scope of this 
analysis. However, the term doctorate, as used in this 
study, includes the newer science and engineering doc- 
toral programs (e.g., Doctor of Arts) as well as the more 
traditional Doctor of Philosophy (Ph.D.). 

Secondly,, the time horizon for the study projec- 
tions is 1969 to 1980— roughly the average time from 
entering college to earning a doctor’s degree. Most of the 
forces and factors that are likely to have a significant 
effect on the supply and utilization of science and engi- 
neering doctorates are known or can be reasonably 
anticipated. Factors not apparent now or within the 
next 3 or 4 years are unlikely to have a significant effect 
before 1980, both because of the length of time required 
to produce doctorates and because of the overwhelming 
historical evidence that the higher educational system is 
relatively slow in changing. 

Purpose and Method olgy 

The purpose of this study is to contribute to a bet- 
ter understanding of the likely future by careful consid- 



*For a projection of scientists and engineers at all degree 
levels, see U.S, Department of Labor, Bureau of Labor Statistics, 
College Educated Workers^ 1968 80^ BLS Bulletin 1676 (Wash- 
ington, D.C. 20402: Supt. of Documents, U.S. Government 
Printing Office, 1970.) 



eration of past and present trends. The meth-jdological 
approach used avoids normative judgments nd simply 
indicates what is likely to occur if past imd present 
trends continue. This is not a forecast or prediction that 
the past or present should, or will, continue in the same 
way. Rather, this study provides a factual basis for ana- 
lyzing what has happened and what is likely to happen 
so that more knowledgeable discussions can proceed on 
future policies and priorities. 

The basic methodology employed in this study is 
that of statistically projecting past and current trends, 
including reasonable variations, into the future. This 
methodology places the past and the present ‘‘under a 
microscope” to understand better where we have been 
and where we are as a basis for projecting where we arc 
likely to be— if no structural breaks with past and pres- 
ent trends occur. Some unexpected changes in trends 
>vill, undoubtedly, occur during the next decade, as they 
have in the past, hut the nature of these is not predicta- 
ble. 

Methods and Assumptions 

Looking into the future is always hazardous and 
judgmental (even though based primarily on past and 
present data trends, as in this study), and knowledgeable 
people do have honest differences of opinion. For this 
reason, the methods and assumptions used in this study 
are explicitly summarized below, along with their ration- 
ale. In addition, the reader is provided with a statement 
of the sensitivity of the results to each method and/or 
assumption. Should the reader’s judgment differ from 
that utilized here, he can apply his own and thereby 
assess the extent to which a change will affect the pro- 
jected results. The summary of the methods and assump- 
tions utilized that follows presents those that were used 
(A) to project supply; (B) to project utilization; and (C) 
by the Bureau of Labor Statistics (BLS) to project the 
general economy and the gross national product (GNP) 
to l980. 
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A. Summary Of Methods And Assumptions Concerning The Supply Of Doctoral Scientists And Engineers 



Method andlor Assumption 


Rationale 


Scn.9i(iui(y'^‘ 


1. The number of science and engineering doctorates 
existing as of January 1969 but who die or retire during 
the 1969-80 period is based on standard Department of 
Labor death and retirement rates by age group and recent 
data on the age distribution for this population. 

(Cf. pp. 16,30) 


General methodological 
approach of projecting 
past trends. 


±.1 percentage point change in 
annual average attrition rate over 
the 1969-80 period (1.9 percent) = 
+1,500 doctorates. 


2. The number of science and engineering doctorates 
awarded during the 1969-80 period is based on extrap- 
olation of past trends in the relationships (some 
lagged) between total bachelor’s degrees, bachelor’s 
degrees in a broad area of science, enrollment for 
advanced degrees in each area, and doctorates awarded 
in that area, with additional weight given the most 
recent data. (Cf. pp. 10-1 1 , 25) 


Same as above. 


±1 percent change in doctorates 
awarded during the period = 
±2,300 doctorates. 


3. The number of science and engineering doctorates 
who arc trained outside the U.S. and become available 
to the American economy during the 1969-80 period is 
estimated from a minimal count in the 1968 National 
Register projected to the 1969-80 period. 

(Cf. pp. 11-12,25-26) 


Same as above. 


±1 percent change in this 
estimate = ±50 doctorates. 


4. The number of science and engineering doctorates 
who are trained in U.S. institutions in the 1969-80 
period and who leave the coimVry to work abroad is 
estimated from recent data on the proportion of those 
earning doctorates in the U.S who expect to be 
employed outside the U.S., based on the National 
Research Council Doctorate Record File. 

(Cf. pp. 11-12, 25-26) 


Same as above. 


±1 percent change in this 
estimate = +200 doctorates. 


5. The number of female science and ejigineering 
doctorates who are trained in U.S. institutions 
during the 1969-80 period but who withdraw from the 
labor force is estimated from the relation between 
females awarded doctorates since 1920 and the number 
of these in the labor force in 1968. (Cf. p. 26) 


Same as above. 


±1 percent change in this 
estimate = +60 doctorates. 


6. The number of male science ajid engineering doctorates 
who are trained in U.S. institutions during the 1969-80 
period but who die or retire is based on standard Labor 
Department death and retirement rates for the age groups 
represented by this population. (Cf. p. 26) 


Same as above. 


±1 percent change in this 
estimate = +2G doctorates. 


7. Items 2-6 above determined the high incremental supply 
estimate. The low incremental supply estimate was 
calculated at 10 percent less. (Cf. p. 11) 


2-6 above. 


2*6 above. 



*’m terms of i960 total doctorates 
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B. Sur.\mary Of Methods And Assumptions Concerning The 1980 Utilization Of Doctoral Scientists And Engineers 



Method and lor Assumption 


Rationale 


Sensitivity* 


1. The number of graduate faeully positions varies direetly 
wth enrollment for advaneed degrees in seienee and engineer- 
ing extrapolated from past trends with additional weight 
given the most reeent 3 years of data. The relationship 
was applied separately to eaeh of the 5 broad areas of 
seienee. (Cf. pp. 14*15, 28) 


General methodologieal 
a p proa eh cf projeeting 
past trend:,. 


il change in the 1980 graduate 
science enronment/graduate science 
faculty ratio (3.9) = ±1,700 
doctorates. 


2. Tile number of undergraduate faeulty positions varies 

direetly wth undergiaduate enrollment extrapolated by OE 
from past trends. The 1969 distribution by broad area of 
seknee were assumed to eontinue. (Cf. pp. 14*] 5, 28) 


Same as above. 


±1 change in the 1980 undeqjraduatc 
cnrollnicnt/undergraduate science 
faculty ratio (57.7) = ±1 ,800 
doctorates. 


3. The number of nonaeademie R&D positions in 1980 is equal 
to projeeted nonaeademie R&D funding divided by the extrap- 
olated eost per R&D seientist and engineer with additional 
weight given the most reeent 3 years of data. The 1980 
distribution by broad area of seienee was based on the BLS 
1980 estimate of total seientists and engineers to whieh 
was applied the 1980 relationship between R&D to total 
seientists extrapolated from past trends. 

(Cf. pp. 13-14,29) 


Same as above. 


±1 percent change in the 1980 non- 
aeademie R&D funding=±800 
doctorates. ±1 percent change in 
the 1980 R&D cost per R&D 
scientists = +800 doctorates. 


4. The doetoral to total seientist ratio for graduate 

faeulty inereases about a pereentage point every 2 years 
during the 1969-80 period going from 81 to 86 pereent. 

This implies that 95 pereent of new and replaecment positions 
will be filled by doetorates. (Cf,. pp. 15, 28) 


Best available evidenee 
is that the doetoral to 
total faeulty ratio has 
been inereasing about 0.8 
of a pereentage point a 
year over the past few years. 


±1 percentage point eliange in the 
1980 ratio=±900 doctorates. 


5. The doetoral to total seientist ratio for undeq;raduate 
faeulty inereases one pereentage point a year during the 
1969-80 period, going from 36 pereent to 47 pereent. This 
implies that 62 pereent of new and replaecment positions 
will be filled by doetorates. (Cf. pp. 15, 28) 


Same as above. 


±1 percentage point change in the 
1980 ratio=±l,600 doctorates. 


6. The proportion of new and replaeenient nonaeademie R&D 
position^ filled by doetorates will range from a low of 
10 perc ent to a high of 20 pereent greater than the 1969 
doetoral to total seientist ratio of 1:10. 

(Cf. pp. 15-16,29) 


Past doctorate utilization 
for nonacademic R&D was 
restricted by short supply. 


±1 percentage point change in the 
increase in doctoral to total seientist 
ratio=±800 doctorates. 


7. The number of postdoeloral positions varies direetly 
wth projeeted aeademie R&D funding. (Cf. p. 28) 


Academic R&D funding is 
principal source of support 
for postdoctorates. 


±I percent change in 1980 academic 
R&D funding=±60 doctorates. 


8. As a low, the number of nonaeademie doetorates engaged 
in aetivities other than R&D in 1980 as a proportion of 
total doetoratc utilization is extrapolated from past trends 
and inereases from 10 to 15 pereent. As a high, the 1980 
extrapolated proportion is 19 pereent. (Cf. pp. 15-16, 29) 


Low: This is consistent 
with general methodological 
approach. 

High: Past doctorate utili- 
zation for nonacademic activ- 
ities other than R&D was re- 
stricted by short supply. 


±1 percentage point in this pro- 
port ion=±2, 700 doctorates. 


9. R&D funding in 1980 is a low of 2.7 pereent and a 
high of 3.0 pereent of GNP. (Cf. pp. 14, 28) 


2.7 percent of GNP is the 
estimated 1970 ratio and is 
the lowest this ratio has 
been for the past decade. 
3.0 percent of GNP is the 
highest ratio ever attained. 


±1 of a percentage point change in 
1980 R&D funding as a perccril of 
GNP= +1,200 doctorates. 


*In terms of 1980 total doetorates 
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C. BUS 1980 Model of the Economy and GIMP Estimate and Major Assumptions Utilized 



Projected growth in GNP is 4.3%/yr. between 1968-80 resulting in a 1980 GNP estimate of 
$1,490 billion (1969 dollars). 

The above utilizes the following major assumptions: 

1. The institutional framework of the economy will not change radically through the 1970 ’s, 

2. There will be full employment in 1980, with an unemployment rate of 3 to 4 percent. 

3. The international climate will be improved. The United States will no longer be fighting a 
war, but the still guarded relationship between major powers will permit no major arms 
reduction. Defense spending, however, will be reduced from the peak levels of the Viet Nam 
conflict. 

4. Armed Forces streng . will return to approximately the pre-Viet Nam level, 

5. Economic, social, technical, and scientific trends will continue, including the values placed 
on work, education, income, and leisure. 

6. Fiscal and monetary policies and an active manpower program will achieve a satisfactory 
balance between low unemployment rates and relative price stability [without reducing the 
long term economic growth rate. 

7. All levels of government will unite to meet a wide variety of domestic requirements, but 
Congress will channel more funds to State and local governments. 



*Excerpled from Department of Labor, Bureau of Labor Statistics, College Educated Workersj 1968-80, op. cit. 



Summary of Findings 



General 

The projection indicates an expected 315,000“ 
336,000 doctoral scientists and engineers available to the 
U.S. economy in 1980, compared to 270,000“297,000 
available positions (table 1). This represents a greater 
likelihood of a future oversupply than the previous NSF 
projections developed 2 years ago.^ 

Btigneering 

Wide differences in the projected supply-utilization 
situation in the various broad areas of science are illus- 

^ National Science Foundation, Science and Engineering 
Doctorate Supply and Utilization^ 1968-80 (NSF 69-37) (Wash- 
ington, D.C. 20402: Supt. of Documents, U.S. Government 
Printing Office, 1969.) 



trated in chart 1. The most serious potential imbalance is 
in engineering, where annual doctorates awarded as a 
proportion of existing doctorates are high— 15 percent rn 
1969. This results in a projected 1980 supply of more 
than 40 percent in excess of the projected utilization (in 
terms of the middle of the ranges). 

Physical Sciences 

In contrast, annual doctorates awarded in the phys- 
ical sciences are presently a relatively low proportion of 
existing doctorates in this area (8 percent in 1969) and 
no increase in annual awards is projected over the dec- 
ade. As a consequence, projected 1980 supply and utili- 
zation are virtually in balance. 

Social Sciences 

In the social sciences the projected values show an 



ou * 1 <000) 

Chart 1 

Supply and utilization 
of science and engineering 
doctorates, by broad area 
of science, 1969 and 1980. 

(000) ALL FIELDS 





Note’. Verttcel bars indicate range between high and low 
projected values of supply and utilization. 

Source: Notional Science Foundation 
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Tabic l.-SUPPLY AND UTILIZATION OF SCIENCE AND ENGINEERING DOCTORATES, 
BY BROAD AREA OF SCIENCE, 1980 

[In thousands] 



Level of supply 1 




Physical 


Life 


Mathe- 


Engineer- 


Social 


utilization 


Total 


sciences 


sciences 


matics 


ing 


sciences 


High supply' 


335.6 


84.4 


81.1 


25.2 


57.6 


87.3 


Low supply* 


314.8 


80.1 


76.2 


23.5 


53.7 


81.3 


High utilization^ 


297.4 


88.1 


74.5 


21.9 


42.4 


70.5 


Academic 


165.1 


28.7 


53.1 


18.3 


16.5 


48.5 


Nonacademic R&D 


77.3 


39.1 


14.0 


1.1 


14.6 


8.5 


Nonacademic other 


55.0 


20.3 


7.4 


2.5 


11.3 


13.5 


Low utilization^ 


269.7 


75.6 


70.1 


21.2 


36.7 


66.0 


Academic 


163.5 


28.0 


52.5 


18.2 


16.3 


48.4 


Nonacademic R&D 


66.3 


33.5 


12.0 


1.0 


12.5 


7.3 


Nonacademic other 


39.9 


14.1 


5.6 


2.0 


7.9 


10.3 



*High 1980 supply is based on the assumptions summarized on p. 2 above. Low 1980 
incremental supply is calculated at 10 percent less than was estimated for the high incremental supply 
(p.ll). 

^High 1980 utilization is based on the combined application of the higher assumptions 
concerning 1980 R&D funding, doctorate absorption into new and vacated positions, and growth in 
the utilization of nonacademic doctorates in activities other than research and development (p. 3 ). 
Low 1980 utilization is based on the lower assumptions concerning these factors. 



oversupply during the decade due to the increasing rate 
at which social science doctorates are being awarded. 
The projection indicates a supply in excess of utilization 
by 1980 of over 20 percent in terms of the middle of the 
ranges. 



Life Sciences 

The situation in the life sciences is analogous to that 
in the social sciences but less extreme. The projected 
increase in the rate at which doctorates will be awarded 
during the decade would result in a 1980 oversupply of 
about 9 percent. 

Mathematics 

In mathematics, the smallest area of science 
represented, the projection indicates an oversupply of 
doctorates in 1980 of over 10 percent in terms of the 
middle of the ranges. 

Overall Considerations 

A warning is in order concerning interpretation of 
findings as they pertain to broad areas of .science. Each 
such area includes a number of specific fields or disci- 
plines (e.g., physics, biology, electrical engineering, eco- 
nomics, statistics) that may differ markedly from each 
other as regards their supply-utilization relationship. 
Thus, it must not be assumed that the aggregate situa- 



tion for the broad area of science is necessarily applic- 
able to individual disciplines. 

Apart from the overall supply-utilization relation- 
ship, the study points up several probable changes in the 
pattern of science and engineering doctorate utilization 
over the next decade. Chart 2 shows that academic doc- 
torates, as a proportion of total doctorate scientists, are 
not expected to change markedly over the projection 
period. However, there are important changes by broad 
area of science. In the physical sciences and engineering 
where a minority of doctorates are presently In academia 
and the projected growth in enrollment is less than in 
other fields, there are appreciable relative shifts away 
from college and university employment. 

The projected relative shift away from R&D activi- 
ties in the nonacademic sector is illustrated in chart 3, in 
terms of the percent of doctorates engaged in activities 
other than research and development. In the physical 
sciences, life sciences, and engineering, only relatively 
small proportions of nonacademic doctorates were en- 
gaged in activities, other than research and development 
as of 1969. The.prbjections still show minorities, though 
considerably larger ones, so engaged in 1980. In the so- 
cial sciences and mathematics, where R&D activities and 
non-R&D activities are more evenly divided, the projec- 
tions result in majorities of nonacademic doctorates in 
activities other than research and development. 

Within the academic sector, doctorates teaching un- 
dergraduates in 2- and 4-year institutions amounted to 
40 percent of academic doctorates in 1969*, this propor- 
tion is projected to increase to 47 percent by 1980. 

In short, about two-thirds of all science and engi- 
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neering doctorates are now engaged in teaching and re- 1969-80 period are projected to be in such positions, 
search in graduate schools, or are employed in non- The other iialf are projected to be teachers of undergrad- 

academic R&D positions. In contrast, slightly less than uates or \n non-R&D positions outside the academic 

one-half of those doctorates entering employment in the world. 
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Implications of the Projections 



An important factor in the* projection levels is the 
continuation of the trend toward the growth of doc- 
torates engaged in other than graduate teaching and 
R&D activities. Future growth rates for doctorates 
teaching undergraduates in 2- and 4-year institutions are 
projected to be considerably larger than those for gradu- 
ate faculty. Thus, significant numbers of new doctorates 
are projected to be engaged in activities which are mark- 
edly different from those practiced by most present 
doctorate holders. 

A problem inherent in this trend is expressed in the 
following: 

“Short of a national depression— which is not a part of my 
picture for the future— it is unlikely that any substantial 
number of persons with the doctorate will be unemployed 
despite the surplus conditions I foresee. . . . However, an 
increasing proportion of these specialists will not be em- 
ployed in jobs for which they were trained or to which they 
aspire. . 

It seems advisable, therefore, to continue current 
examination of university graduate programs and degree 
structures to assure that they will be responsive to these 
somewhat different future needs for doctorate level sci- 
entists. Such an examination has already begun.^ 

The study results also imply the need to reexamine 
graduate science training in terms of the numbers of 



^Allan M. Cartter, Sc^en^lyIc Afbnpoujer Trends for 1970-85, 
and Their Implications for Higher Education. Paper delivered at 
the meeting of the American Association for the Advancement 
of Science (Chicago: Dec. 27, 1970). 

^See, for example, American Association of State Colleges 
and Universities, The Doctor of Arts Degree, A Proposal for 
Guidelines, Committee on Graduate Studies and The Specialized 
Degree, National Conference on the Intermediate Degree (Wash- 
ington, 1970); Carnegie Commission on Higher Education, Less 
Time, More Options in Education Beyond High School (New 
York, 1970) 



doctorates awarded. This is especially true in ,engineer- 
ing and in the social sciences where the projected over- 
supply is greatest. An important consideration is the in- 
creasing tendency toward imbalance. The new projec- 
tions show a greater likelihood of an oversupply than 
appeared to be the case 2 years ago— continuing the 
direction away from earlier forecasts of substantial 
shortages. 

An understanding of the degree of uncertainty 
about a few of the important factors affecting the 
projections is essential. Lack of growth in Federal R&D 
funding continued through fiscal year 1971, but the pro- 
posed fiscal year 1972 increase^ does represent a 
significant change. The present projections assume that 
this important factor in doctorate utilization will continue 
on the proposed upward trend beyond fiscal year 1972. 
However, such a trend has not yet been firmly established, 
and therefore, some degree of uncertainty persists. Con- 
cerning supply, it is still too early to gage the full effect of 
the sharp decline in Federal graduate traineeships on doc- 
torate production. Neither is it possible to foresee whether 
the increasingly discussed suggestion for a lower retire- 
ment age in academia will gain momentum. 

Because of the rapidly changing situation, it is 
important to revise projections periodically as new data 
become available. In this way, a number of successive 
projections can be studied, with particular attention to 
movement toward, or away from balance. The direction 
of this movement is a more sensitive indicator than the 
degree of imbalance indicated by a single projection. 

^The President submitted to Congress in January 1971 the 
proposal for an additional $1.2 billion in obligations for research 
and development over fiscal year 1971 levels; see Executive 
Office of the President, Office of Management and Budget, The 
Budget of the United States Government, Fiscal Year 1972 
(Washington, D.C. 20402: Supt. of Documents, U.S. Govern- 
ment Printing Office, 1971.). 
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utilization of the 1969 Supply 



The base point for the supply and utilization projec- 
tion is January 1969. It is estimated that as of that date, 
the number of doctorate-level scientists and engineers 
employed in various activities in the United States was 
approximately 158,000. This estimate was calculated 
from the number of doctorates earned in the years 1920 
through 1969 from U.S. institutions, plus doctorates 
secured abroad by Americans or foreign nationals now 
employed in the United States. Subtracted from this 
were allowances for attrition caused by death or retire- 
ment, an allowance for those persons, almost entirely 
women, not undertaking a career in science or engineer- 
ing, and for those foreign nationals who earned doctor- 
ates in the United States, but who subsequently left the 
country (appendix A). 



Nearly three-fifths, or 94,000, of the 158,000 doc- 
toral scientists and engineers in 1969 were employed by 
universities and colleges; another one quarter, or 41,000, 
were in private industry; and the remainder were 
employed by government agencies and other (primarily 
nonprofit) organizations— 15,000 and 8,000, respectively 
(chart 4). 

For the purposes of this study, another broad dis- 
tinction is made— between doctorates in the nonaca- 
demic sector who are engaged in research and develop- 
ment, 49,000, and those engaged in other activities, 
15,000. The five broad areas of science considered are 
the physical sciences, 51,000; the life sciences, 39,000; 
mathematics, 10,000; engineering, 23,000, and the social 
sciences (excluding history), 35,000 (chart 4). 
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Projected Supply 



Changes in Methods and Assumptions 

The new supply projections represent an important 
chaitge from the methodology and assumptions used in 
the 1969 study (NSF 69-37) to estimate the number of 
science and engineering doctorates likely to be awarded 
during the next decade. The earlier projections were 
based on an extrapolation by the U.S. Office of Educa- 
tion (OE) of ti'ends since 1958 in graduate enrollments. 
This included a period of rapid increase in the propor- 
tion of the student-age population pursuing all phases 
of higher education. Recent experience seems to indicate 
that these earlier trends may not be applicable to condi- 
tions of the 70’s. Federal R&D funding has leveled and 
graduate enrollment is rising much less steeply than 
previously. With full realization of the potential pitfalls 
inherent in projections based on any short-term trend, ^ 
new supply projections were developed based on 
1964-69 trends with adjustments made to rellect recent 
deviations from earlier trends. This estimate, of course, 
relies on OE projections of total bachelor’s degrees likely 
to be awarded, which depend more on demographic in- 
fluences and less on changing propensities to pursue 
higher education.’ 

Bachelor’s Degrees 

Another feature of the revision is the projection of 
supply by broad area of science. The 1964-69 trends in 
the proportion of bachelor’s degrees in each area of sci- 
ence to the total were adjusted to reflect the relationship 
between earlier trends and recent actual experience. The 
adjusted trend lines were then extrapolated to 1980. 
Chart 5, section A shows the number of bachelor’s de- 
grees awarded in 1969, and the number projected for 
1980 for each area of science. The annual number of 
social science bachelor’s degrees is projected to increase 



^For a useful exploration of the dangers of extrapolating 
degrees awarded in the social sciences from short-term trends, 
see National Academy of Sciences, Social Sciences Research 
Council, The Behavioral and Social Sciences: Outlook and 
Needs* Washington, 1969. 

’Department of Health, Education, and Welfare, Office of 
Education, Projections of Education Statistics to 1979-80, in 
press. 



by almost two and half limes during the decade; for 
life sciences and mathematics tlie aiinnal projected pro- 
duction rate is somewhat less than 50 percent of the 
1969 annual rate, and in the physieal sciences and engi- 
neering the projections result in no increases. 

Doctorates 

Once the area of science distribution for bachelor’s 
degrees awarded throughout the decade was projected, 
the next step was to translate, area by area, bachelor’s 
dc^ees to a projection of doctorates awarded. This con- 
sisted of projecting lag relationships between bachelor’s 
degrees, first-year enrollment for advanced degrees, total 
enrollment for advanced degrees, and doctorates 
awarded, on the basis of trends observed for the 1964-69 
period, but again adjusted to reflect the relationship be- 
tween earlier trends and recent actual data (appendix B). 
The successive results of this process are illustrated in 
chart 5. As was the case with bachelor’s degrees, the 
annual rate of doctorates awarded in the social sciences 
is projected to more than double during the decade; the 
physical sciences projection shows only a slight annual 
increase in production rate; mathematics, the life sci- 
ences, and engineering projections' show intermediate 
increases in annual doctorate production in order of 
decreasing magnitudes. 

Under the assumptions described, the annual 
number of doctorates awarded in science and engineer- 
ing are projected to increase from about 16,000 in 
academic year 1968-69 to 26,000 in academic year 
1979-80. This projection would result in the award of 
235,000 total science and engineering doctorates during 
the 1969-80 period. 



Shifts Among Areas of Science 

The supply estimate described represents a projec- 
tion of recent trends in higher education degrees by area 
of science. However, forces are likely to intervene during 
tbe decade as new conditions develop. For example, 
where an imbalance between supply and demand exists 
or seems to be developing in one or more areas of sci- 
ence, one response could be a shift in field distribution 
as a result of changes in career choice. In this connec- 
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tion, it should be pointed out that the field shifts would 
have to occur fairly early in the decade to affect the 
supply projection significantly. This is a consequence of 
the 7' to 8-year average period required to complete 



‘ Chart 5 '' ' ; ■ ' 

Projected enrpllme^^ 

; awarded,; of science 

1969 and 1980 ' 



v: thousarids •- 
0 ■■ 40' BO ■ 120 160 



200 

71“ 



.240 



Pliysicai sciences 
■ Life sciences.’ 
.Mathematics' 






r . I I n r 

Number of Bachelor's Degrees ; ; 

-#^196B-69’ 

0^1979*1960 



Engineering ( ^ | : ■ ’ 



Social sciences 






Physical sciences' 

a, 

. Engineer 

. Social sciences : 



First-Year EnroHment for - 
Advanced Oegrees 




Physical sciences . > 

..Lite sciences, 



vi Mathematics'; 



c:7X^^En'gineerihg,.: 
< Social sciences - 




Total Enrollment for i 
Advanced Degrees 









Physical science 



^7^ Doctorates Awarded ' 



Life sciences -* 
j; MathematiK 
f-, •;< Engineering 






-1968*69. 



■ti.v 



t^Social scienc'esvi; 



■piH 

: ,4 f; \ /' '■ : .-/s' 7'. 7- 7''v' 




: Source: .National Science Fdundat^lpn ^ 



O' 

ERIC 



425-954 0 - 71 -3 



graduate work in seienee. Other possible facjtors might 
include: changes in student attitudes toward science in 
general or toward a particular field; further change?, in 
the overall job market for doctoral scientists, resulting in 
reductions in applications for graduate school; changes 
in policies of graduate schools on the acceptance of 
applicants; financiai difficuities, including shortages of 
research funds necessary to train doctorates; or reduced 
support for graduate students (e.g., fellovi^ships and 
traineeships). The effect of factors of this kind are diffi- 
cult to predict, but since most of them would tend to 
reduce the number of doctorates awarded, it was 
decided to let the calculated supply figures represent the 
high end of the supply range and assume a 10 -percent 
lower projection for the low end of the range. 



Migration of Doctorates To and From 
the United States 

The existing slock of doctorates in the United 
States includes some persons who earned their degrees 
from foreign universities. Over the past several decades a 
considerable number of trained scientists and engineers 
have entered this country as immigrants, and many of 
these have possessed doctorates at the time of immigra- 
tion. In addition, a number of U.S. citizens have received 
doctorate training in foreign institutions. The immigra- 
tion of doctoral scientists will he subject to some of the 
same forces described above as affecting domestic doc- 
torate production, with the additional uncertainly of 
possible shifts in opportunity abroad. The latest data on 
immigration do not yet indicate a definite shift in past 
trends in the influx of foreign scientists. However, if 
present conditions persist, this source of doctorates 
could decline, resulting in a decrease in supply. 

On the other hand, not all persons earning doctor- 
ates at U.S. institutions remain In the United States. In 
recent years, the proportion of persons receiving the 
doctorate who were not U.S. citizens has been about 15 
percent for all fields, according to the survey of earned 
doctorates conducted annually by the National 
Academy of Sciences-National Research Council.® In 
some science and engineering fields the ratio has been 
considerably higher, e.g., engineering (25 percent), and 
agriculture and forestry (34 percent), and in some fields 
lower, e.g., psychology (5 percent) and botany and 
zoology (12 percent). Some of these non-U .S. citizens 
elect to leave the. United States and others remain to 
pursue their careers. Information from the NAS-NRC 
Doctorate Survey indicates that about one-tliird of the 
noncitizens expect to be employed outside the United 



^National Academy of Sciences-National Research Council, 
Doctorate Recipients From United States Universities, 1958^66 
and Sumrrwiry Report /or f 967, 1968, /969, and 1910 (Washing- 
ton, D.C.). 
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States and a small percentage of U.S. citizens plan like- 
mse. Between 5 percent and 10 percent of new science 
and engineering doctorates plan employment in a foreign 
country upon receipt of the degree. Some of the nonciti- 
zens who remain in the United States may eventually 
return abroad for employment, and some of the U.S, 
citizens abroad may return to the United States, It has 
been estimated for this report that approximately 10 
percent of the total doctorates awarded each year should 
not be considered as additions to the stock of doctorates 
in the United States. This proportion has been assumed 
for all years. The same kind of oupply-demand pressures 



that affect immigration covild also lead to an increase in 
emigration. Anecdotal evidence indicates this trend may 
already have started a decrease in supply. 

After adjustments for migration (a net loss of 
19,000 doctorates during 1969-80), plus a very small 
adjustment for attrition (appendix B, »<:em II D), the calu- 
lated net number of new science and engineering doctor- 
ates becoming available to the U.S, economy during the 
1969-80 period was projected at 208,000, For reasons 
indicated above, this represents the high incremental 
supply estimate. The low supply estimate for the period, 
based on 10 percent fewer doctorate awards, is 187,200. 



Projected Utilization 



The low value for the revised 1980 utilization pro- 
jection of science and engineering doctorates does not 
differ appreciably from the low value in the previous 
(1969) study However, the revised high estimate is sig- 
nificantly below that projected previously. There are 
two major reasons for the latter. The high R&D funding 
estimate upon which the earlier projection was based, 
4.4 percent of the GNP in 1980, is no longer considered 
probable. Secondly, the projections of graduate enroll- 
ment in the sciences have been revised downward con- 
siderably, thus reducing the graduate faculty utilization 
projection. The following discussion involves the various 
factors upon which the revised utilization projections are 
based. These include growth in R&D funding, increase in 
college and university enrollment, absorption of doctor- 

^National Science Foundation, Science and Engineering 
Doctorate Suppiy and (/tiiisafion, I968'80j op. cit. 



ates into new and vacated positions, and the broadening 
scope of utilization of doctorates. 

Gro^vth in Nonacademic R&D Funding 

Federal R&D funding, 57 percent in 1969, is a 
major portion of the R&D funding of the nonacademic 
sectors— private industry, government, and nonprofit 
organizations. Nonacademic research and development 
utilized some 31 percent of doctoral scientists and engi- 
neers in 1969. In the 13 years preceding 1966, Federal 
funding of nonacademic research and development had 
been increasing at about 13 percent a year. The reversal 
of this trend, which started in 1966, continued through 
fiscal year 1971, and the proposed 1972 increase does 
not return to the high rates of the past. Federal expendi- 
tures for nonacademic research and development in- 






Chart 6 

Nonacademic 
science and engineering 
doctorates engaged in 
R&D, by broad area of 
science, 1969 and 1980. 



Nnte: Vertical bars indicate range between high 
and low projected values of supply and 
utilization. 



Source: National Science Foundation 
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